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The "true division of the nautical meridian," that is, the correct spacing of the parallels of 
latitude on the Mercator chart, presented theoretical problems to 17th-century mathemati- 
cians. Edmond Halley solved the problem by showing that under stereographic projection a
rhumb line (line of constant bearing) projected into a logarithmic spiral. Hence he developed 
a rule, simple to apply, for calculating the meridional distance corresponding to any given 
latitude interval. Halley's younger contemporary, Roger Cotes, showed how his own logo- 
metric methods yielded Halley's rule more economically, and further, that the use of the 
logarithmic spiral was not necessary. © 1995 Academic Press, Inc. 
La "vrai division du mfridien maritime," c'est-~-dire, le correct espacement des paral- 
l~les de latitude sur la carte de Mercator, prfsentait des probl~mes thforique aux mathfmati- 
ciens du dix-septi~me sifcle. Edmond Halley rfsolut le problfme n dfmontrant que, sous 
projection stfrfographique, la ligne de rumb (ligne possfdant un relfvement constant) se 
traduisait en spirale logarithmique. De lh, il dfveloppa une r~gle, facile a appliquer, pour le 
calcul de la distance mfridienne correspondant ~ un intervalle de latitude donnf. Roger 
Cotes, contemporain de Halley, plus jeune de quelques annfes, montra que ses propres 
mfthodes logarithmique arrivaient ~la r~gle de Halley en faqon plus 6conomique, t que par 
surcro]t il n'ftait pas nfcessaire d'utiliser la spirale logarithmique. © 1995 Academic Press, Inc. 
Die "genaue Division des nautischen Meridians," d.h. die richtige Bestimmung des Ab- 
standes der Breitengrad-ParaUelen aufder Mercator Seekarte, war die Ursache theoretis- 
cher Probleme ftir Mathematiker des siebzebnten Jahrhunderts. Edmond Halley gelang es 
das Problem zu 16sen indem er zeigte, dab bei stereobildlicher Projektion der Kompassstrich 
(der Kurs der konstanten Ortung) in eine logarithmische Spirale vorstand. Deshalb entwick- 
ere er eine einfach anzuwendende R gel fiir die Errechnung des Meridionalen Abstandes, 
korrespondierend mit jedem gegebenen B reitengrad-Abstand. Halleys jiingerer Zeitgenosse, 
Roger Cotes, zeigte wie seine einzelne logometrische Methode dazu ftihrte Halleys Regel 
wirtschaftlicber anzuwenden und aul3erdem, dab der Gebrauch der logaritmischen Spirale 
nicht n6tig war. © 1995 Academic Press, Inc. 
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"Why is it" (I paraphrase), said Afonso de Sousa to Pedro Nunes, "that if I 
draw a line on a globe at right angles to a meridian, it will eventually cross the 
equator; but if ! sail due east or west I will never reach the equator?" [5, 26; 12, 
120]. Afonso de Sousa was the Portuguese navigator who discovered and explored 
much of South America. Pedro Nunes was the Royal Cosmographer and distin- 
guished Professor of Mathematics at Coimbra. The year was 1532. 
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Whether the conversation took place or not (the evidence is sketchy), Nunes 
commenced a thorough mathematical investigation of the sailing course following 
a constant bearing (the loxodrome, or rhumb line) and its distinction from a great 
circle course [11]. This first investigation of the loxodromic curves, in which 
Nunes showed the curve to be a spiral circling the pole but never reaching it 
(although at first he thought it did), was followed by nearly two centuries of 
development by, among others, Stevin, WaUis, Gregory, Leibniz, Wright, Merca- 
tor, Hues, Snell, Bond, Barrow, Harriot, and then Halley and Cotes. For the full 
development of the theory, major advances in mathematics were required; in 
particular, the invention of logarithms and the development of the concepts and 
techniques of the differential and integral calculus. 
The concept of a loxodromic hart, in which an intended sailing course would 
appear as a straight line, was centuries old. The publication in 1569 by Gerhard 
Kremer (called Mercator) of a world chart on a conformal modified cylindrical 
projection was a very substantial advance. On the well-known Mercator projec- 
tion (construction is a more suitable word), all parallels of latitude are straight 
lines parallel and equal to the equator. This implies that at each point on the 
parallel of latitude ~b the east-west scale has been multiplied by sec ~b. To preserve 
the conformal property of the mapping, at each point of the parallel the scale in all 
directions must be multiplied by sec ~b. In particular, at each point of latitude ~b on 
a meridian, the north-south scale is multiplied by sec ~b. The parallel of latitude ~b 
must therefore be drawn at a distance from the equator depending on f sec ~b d~b. 
The correct spacing of the parallels, involving the evaluation of this integral, was 
the central difficulty in the construction of the chart. One can but admire the 
prodigious labors of such as Edward Wright, Thomas Harriot, and many others, 
who computed the spacing of the parallels by adding successive secants for small 
intervals, sometimes as small as ten minutes of arc. This in itself is an interesting 
episode in the history of numerical methods, 
The correct spacing of the parallels became known as the problem of "the true 
division of the nautical meridian," and Edmund Halley [6, 194-214] gave a solu- 
tion by relating the geometry of the loxodrome on the sphere to the properties of 
the Mercator chart, through the intermediacy of the properties of the logarithmic 
spiral. This was rounded off and refined in a concise and elegant way by Roger 
Cotes in his paper "Logometria" [3, 5-45]. 
The earlier history of the problem of correct spacing is well documented by 
Raymond d'Hollander in [7], a paper kindly sent me by Professor W.G.L. Ran- 
dies, whose own paper [12] details the importance of Pedro Nunes in initiating the 
work. Both papers include valuable bibliographical information. D'Hollander's 
paper concludes with a discussion of some aspects of Halley's work, and the final 
sentence: "En 1714 Roger Cotter [sic] astronome t physicien, apportait une 
derni~re am61ioration ~tla d6monstration de Halley, en la simplifiant" [7, 68]. It is 
this "derni~re am61ioration" that I wish to discuss. Halley, mathematician, as- 
tronomer, and navigator, and Cotes, who, as Plumian Professor, was ex officio a 
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member of the Board of Longitude, were necessarily very much concerned with 
the problem. 
EDMOND HALLEY AND THE NAUTICAL MERIDIAN 
In his paper [6], entitled "An Easie Demonstration of the Analogy of the 
Logarithmick Tangents to the Meridian Line or Sum of the Secants, with Various 
Methods for Computing the Same, to the Utmost Exactness," Halley had two 
objectives: (1) to prove that the spacing of the parallels of latitude (on the Merca- 
tor chart) depended on the logarithmic tangents of the (half complements) of the 
latitude angles, and (2) to demonstrate methods of computing these distances. 
Halley says the solution to the problem of spacing the parallels--namely, that the 
meridional parts depend on the logarithmic tangents of the half complements of 
the latitude angles--was discovered accidentally by Henry Bond some fifty years 
earlier and appeared as an addition to Norwood's Epitome of Navigation. He adds 
that Nicholas (Kauffman) Mercator, in Logorithmotechnia, w gered that it could 
not be proved and that John Collins, Secretary of the Royal Society, had urged 
mathematicians to attempt its proof [6]. 
Halley considers the stereographic projection of the surface of the sphere onto 
the equatorial plane, the observer's eye being at the south pole. The use of this 
projection has a long history, going back at least as far as Hipparchus [10]. Halley 
proves the projection to be angle-preserving (and hence orthomorphic), a result he 
says he had from De Moivre, although Hooke claimed to have demonstrated it to 
the Royal Society earlier. The result is also attributed to Thomas Harriot by J. A. 
Lohne [7, 124-125]. "The rest," says Halley, "is my own" [6, 201]. 
Halley's particular contribution was to observe that, because of the ortho- 
morphic property of the stereographic projection, the rhumb line, which intersects 
all meridians at the same angle, would be transformed by the projection into a 
logarithmic spiral, the meridians being rays of the spiral. The properties of this 
spiral were by that time fairly well known; see, for example, James Bernoulli's 
paper [1] of 1692. 
Halley begins his argument by noting that (Fig. 1) if OP' is the stereographic 
projection of arc NP onto the equatorial plane, P being a point in latitude ~b, then 
OP' = r tan ½(7r/2 - ~b), where r is the radius of the earth. Consider P to move on a 
rhumb line, whose projection in the equatorial plane (Fig. 2) is the curve AQRST. 
Let the rhumb cut the meridians at the constant angle V (the angle of the rhumb). 
OA, OB, OC, OD, and OE are the stereographic projections of the meridians in 
the equatorial plane. The angle V between the rhumb line and the meridians is 
preserved because of the angle-preserving properties of the projection. The rhumb 
line therefore projects into a plane curve which cuts the polar radii at a constant 
angle--a logarithmic spiral. 
In the spiral projection of the rhumb line (Fig. 2), Halley associates equal 
infinitesimal arcs AB, BC, CD, DE . . . .  with triangles OAQ, OQR, ORS, OST, 
. . . .  all of which are similar because of the constancy of the angle V. Hence, for 
22 RONALD GOWING HM 22 
FIGURE 1 
equal circular arcs, OQ/OR is constant. Thus, AB, AC, AD, etc. are circular arcs, 
or equivalently, angles at O in arithmetic progression, associated one-to-one with 
spiral radii OA, OQ, OR, OS, etc., in geometric progression. The relationship 
between angles at O and the spiral radii is therefore logarithmic. All this is fairly 
standard for the time, and Halley goes through it briskly, moving on to note that, 
angles at the centre being longitude, and $ being latitude, we have the result: on 
any thumb line, longitude change is proportional to 
- In tan ½(zr/2 - 4>) 
( -  because r decreases as $ increases) 
--In tan ½(zr/2 + 4>); 
and the longitude change in sailing from latitude $1 to latitude 4>2 equals 
kiln tan ½(7r/2 + $2) - In tan ½(~'/2 + SOL (1) 
where k is an important constant of proportionality, to be determined. 
Following Halley, consider a course from A to B on a rhumb line making an 
angle V with the meridians (Fig. 3). Halley considers infinitesimal quantities L, Y, 
and d, where L is the length of the longitude change measured at the equator, Y is 
the length of the latitude change, d is the departure (distance travelled east or 
west), and 4> is the latitude of B. 
C 
FIGURE 2 
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FIGURE 3 
Since d~ Y = tan V, and d/L = cos ~b, we have L = Y sec 4) tan V. For a given Y 
and ~b, the longitude change is thus proportional to tan V, with the constant of 
proportionality k in (1) thus equal to tan V, for V the angle of the rhumb. In this 
notation, Halley's result translates as: on any rhumb of angle V, the change of 
longitude corresponding with a change of latitude from ~bj to (])2 is 
tan V[ln tan ½(7r/2 + 4)2) - In tan ½(~-/2 + ~bl)]. (2) 
Halley concludes that "[h]ence any scale of logarithmic tangents is a table of 
differences of longitude to the several atitudes, on some determinate rhumb or 
other" [6, 206]. 
If, in Fig. 3, we use a differential notation, L = dO, Y = d~b, d = 0 cos ~b, and 
take the radius of the earth as 1, then we have 
dO = tan V sec 6 dr ;  
and if V = 45 °, then 
dO = sec 4) d~b. 
In other words, the longitude change along the 45 ° rhumb is equal to the corre- 
sponding meridional part on the Mercator chart. As Halley puts it, "[t]he nautical 
meridian line is a table of longitudes answering to each minute of latitude on the 
45 ° rhumb l ine," and therefore "the Meridian line is a scale of logarithmic tan- 
gents of the half-complements of the latitudes" [6, 203]. 
Having thus completed his first aim, namely, "[a]n easy demonstration of the 
analogy of the logarithmic tangents to the meridian l ine," Halley proceeds to his 
second: "various methods for computing the same to the utmost exactness" [6, 
199]. He argues that 
The fluxion of the tangent line at 45 degrees is double the fluxion of the arch of the circle (as 
may easily be proved). The tangent of 45 degrees is equal to the radius, and the fluxion of the 
logarithmic tangent will be double that of the arch if the logarithms be of Napier's form. For 
Briggs's form it will be the same doubled and multiplied by 0.43429, or divided by 2.20258. 
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Hence if one minute be supposed unity, a length of arch of one minute = 0.000290888 in 
parts of the radius. The proportion will be to unity as radius to tan 71°1'44 ". For Vlacq's 
logarithms it will be as 0.2302585 to 290582, so radius to 1.263311 which is tan 51°38'9" . [6, 
205] 
Some half a century later, this rather dense piece of writing moved John Robert- 
son, Master of the Royal Mathematical School in Christ's Hospital and subse- 
quently Royal Society Librarian, to write to the Royal Society [13]. He contends 
that he had not found any writer on navigation of the past fifty years who had 
attempted an explanation of Halley's paper or removed the difficulties from it. He 
notes Halley's two objectives and commends his "elegant solution" of the former 
but finds his explanation of the latter aim, "to find a method of computing the 
meridional parts, using Briggs's logarithms," to be less than clear [13,560]. He 
adds his own exegesis, along the following lines. 
In Halley's presentation, the longitude 0 is in circular measure (analogous to 
radians) called "parts of the radius," of which there are 2err (r = 10,000) in a 
circle; and the logarithms are Napier's. Robertson found it more convenient to 
have the longitude in minutes of arc and to use Briggs's logarithms, ince the latter 
were more readily available in tables. 
In Fig. 4, r dO~dr = tan V, where V is the angle of the rhumb. Thus, 0 = In r tan 
V, and if V = 45 °, the angle 0 = In r (in Napierian logarithms). If V is any other 
angle, the logarithms "will be of a different species" (modulus tan V) [13,565]. 
Thus, every rhumb has its own species of logarithms. Among these will be two in 
which 0 will be in minutes of arc, one rhumb corresponding to Napier's logarithms 
and one to Briggs's. Halley sets out to identify these two rhumbs. 
In a circle, 21,600 minutes of arc -- 2~- x 10,000 = 62,831 parts of the radius, so 
one part of the radius is equal to 1/2.90888221 minutes of arc. In the equation 
1 0 (parts of the radius) = In r tan V = In tan ~(¢r/2 + 4') " tan V, 
put tan V = 2.90888221. Then we have the result 
0 (parts of the radius)/2.90888221 = In tan ½(~-/2 + 6) 
r 
FIGURE 4 
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or  
0 minutes of arc = In tan ½(~'/2 + 4>). 
In other words, along the rhumb of angle arctan 2.90888221 = 71°1 '42" the expres- 
sion In tan ½(zr/2 + $) gives the longitude in minutes of arc, using Napier's 
logarithms. If Briggs's logarithms are used then 
0/2.90888221 = log tan 1(~r/2 + 4~) = 0.434294 In tan ½(~-/2 + 4)), 
and so 0 (minutes of arc) = log tan ½(zr/2 + oh) is the longitude on the rhumb 
making an angle arctan (2.90888221 × 0.434294) = 51038'9 " with the meridian. 
Figure 5 shows the three rhumbs on the Mercator chart for a given latitude 
interval 0 to 4>- The results apply equally to any latitude interval. 
What, one might well ask at this point, has all this to do with Halley's objec- 
t ive- -a  simple method of calculating the meridional parts on the nautical merid- 
ian? It aims to establish what Robertson calls Halley's "curious discovery" that 
for any two places, latitudes 4~ and (#2 on  the Mercator chart, the ratio of log tan 
½(¢r/2 + 4~2) - log tan ½(~'/2 + Sn) to the corresponding meridional distance in 
B C °21 
I*%.,,.. / / /  
FIGURE 6 
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minutes on the nautical meridian is constant [13, 568]. In Fig. 6, AB is the 45 ° 
rhumb and AC the rhumb of 51°38'9'% both considered between latitudes ~bl and 
~b2. 
Since, for equal atitude changes, differences of longitude are as the tangents of 
the angles of the rhumbs, AD to AE is as tan 51038'9 " to tan 45 °. But AE is equal to 
the corresponding meridional part. This yields Halley's result that log tan ½(7r/2 + 
~b2) - log tan ½(~-/2 + ~bl) = 1.2633114 × meridional part, whatever the values of~b2 
and ~b~, and from this he gets the corresponding meridional part in minutes by 
subtracting the two Briggsian logarithms and multiplying by 1/1.2633114 = 
7915.7046. "Hence"  as Robertson says, "arise the rules which are given in nauti- 
cal works, for finding the meridional parts by a table of common logarithmic 
tangents" [13,568]. 
It was noted earlier in deriving equation (1) that 
In tan ½(7r/2 + ~b) = - In  tan ½(7r/2 - ~b) 
and that using this form allows the results to be expressed in terms of the half 
complements of the latitude angles. Robertson states Halley's result as follows: 
The Difference between Briggs's logarithmic Tangents ofthe Half-Complements of the Lati- 
tudes of any two Places, to the meridional Difference ofLatitude in Minutes between those 
Places, is in the constant Ratio of 1263.3 &c. to 1; or of 1 to 0.0007915704 &c. [13,567]. 
We shall see that Cotes achieved all this rather more simply, without he use of the 
two auxiliary rhumbs. 
ROGER COTES AND THE NAUTICAL MERIDIAN 
Roger Cotes published only one paper in his lifetime, the "Logometr ia" [3]. It 
is dedicated to Edmond Halley, at that time Secretary of the Royal Society. 
Although the date of publication is 1714, it is possible that the work did not reach 
the public until after Cotes's premature death in 1716, and this may account o 
some extent for the relative lack of contemporary comment. It gained rather more 
notice after its appearance in Cotes's collected works, Harmonia mensurarum, 
which were published posthumously in 1722 [14, 4-41]. 
"Logometr ia" is a fairly dense Latin text of six propositions and associated 
scholia and a long scholium generale. In it, Cotes develops his theory of loga- 
rithms and applies the results to some then current and familiar problems, using 
what he calles logometric methods, that is, logarithmic theory combined with 
geometry. Although this is all expressed in a geometrical style, the solutions often 
depend on integration techniques using tables of integrals and their associated 
reduction formulae, which Cotes had compiled before 1714 [14, 113] and kept 
ready for use, but which were not published until the posthumous works of 1722 
[14, 43-76]. In "Logometr ia,"  Proposition 1, Cotes develops the theory of loga- 
rithms. This development is original and presented with such brevity that one 
sympathises with the views of later critics such as Charles Hutton, who called it 
"[a] seeming affectation of brevity, intricacy and originality, without sufficient 
room for a display of this quality . . . .  The reasoning, such as it is, appears to be 
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something between Kepler and the principle of fluxions" [8, 109], or Edmund 
Stone, who writes that "Mr. Cotes has done this thing in imitation of Dr. Halley, 
although more short, yet with the same obscurity; for I appeal to anyone, even of 
his greatest admirers, if they know what he would be at in his first p rob lem. . .  
without having first known something of the matter from other principles, as the 
hyperbola & Co." [15]. In a similar spirit, Charles Walmesley contends that "il 
d6bute sur les choses nouvelles, sans descendre ~une explication suffisante pour 
donner une id6e distincte" [16, 4]. Although Cotes is best known as the distin- 
guished editor of the second (1713) edition of Newton's Philosophiae naturalis 
principia mathematica, the difficulties of "Logometria" are not reduced by 
Cotes's adherence to a similar geometrical style• In the following, I take the 
liberty of using a more convenient notation. 
In his Proposition 1, Cotes considers quantities which we may denote by 
[(x + ~)/x], [(x + ~)/x] 2, [(x + ~)/x] 3 . . . . .  
To the first order of small quantities, this geometric progression can be written as 
(x + Yc)/x, (x + 2:~)/x, (x + 3Yc)/x . . . .  
and associated term by term with the arithmetic progression 
Yc/x, 2Yc/x, 3Yc/x . . . . .  
Cotes declares the terms of the arithmetic progression to be the measures (loga- 
rithms) of the corresponding terms in the geometric progression. He omits most of 
the details of the argument (hence the comments above), but we may write his 
conclusion in the differential form 
Yc/x = In x. (3) 
Now Cotes had earlier noted that a system of logarithms would serve equally well 
if all the logarithms were multiplied by a constant M, which he called the "modu- 
lus" (or "ratio modularis"). He thus introduced this now familiar term into math- 
ematics. He outlined his ideas in a letter to Newton dated 25 May, 1712. In 
particular, he asked Newton's advice on the use of the term "ratio modularis," 
adding rather confidingly that "[w]hat I think to be right may to others appear to 
be whimsical and of no use, and I would not willingly give them the satisfaction of
laughing at my dreams" [4, 117]. We do not have Newton's reply, but may note 
that (3) can now be written 
Mfc/x = log x, (4) 
where M is the modulus of the system of logarithms. Cotes states this in Corol- 
laries 1 and 2 to his Proposition 1. 
John Robertson adds a note at the end of his paper [13], which is equivalent to 
(3) above, and which he seems to have discovered for himself. Despite the fact 
that, as he remarks, the result "seemed somewhat foreign to the subject" of his 
paper [13, 568-569], he nevertheless includes it and the following argument. 
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In Fig. 7, BEG is a logarithmic spiral cutting the rays at 45 °. Arc BC is (Napier- 
ian) in AE = In x, say. Let CD be a small increment in arc BC. Setting AF = AE 
gives DC = In x, and FG = ,f = FE (because of the 45 ° property). Then AC/CD = 
AE/EF  = AE/FG.  "And if AB be taken as the unit or term from whence the 
numbers begin," Robertson argues, "CD = FG/AE , "  which is the required result 
[13,569]. 
Yet (3) above, far from being "foreign to the subject," is a tool wielded by 
Cotes with great skill and effectiveness, as evidenced by Proposition 6 in his [3], 
which aims "[t]o adapt a canon of logarithms to the equiangular spiral." 
Cotes follows Halley quite closely in deriving arc BC = In (PD/PE) (Fig. 8) but 
takes the result further. In Fig. 8, PA is the initial radius, PF the polar subtangent 
at A, and PV = PT. The differential triangle VST is similar to the triangle PAF; 
hence PF/VT = PA/VS and VT/QR = PT/PR = PT/PA. Combining these, 
F F C 
G B 
A 
FIGURE 8 
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we have PF/QR = PT/VS, which can be written in the form PF 2/x = log x. Thus 
by (3) above, and the second corollary to Cotes's Proposition 1, the polar sub- 
tangent at A is the modulus of the system of logarithms. With this, it is now 
possible to relate the results of Cotes and Halley. 
Let the equation of the spiral be r = a °. Then regarding PA as initial radius = 1, 
the length of the polar subtangent PF is 1/ln a, which is the modulus of the system 
of logarithms to base a. Clearly if a = e, the modulus is 1, the logarithms are 
Napier's, and the angle at which the spiral cuts the rays is 45 °. Note also that if the 
angle of the spiral is V, and PA = 1, then PF = tan V, and this is the modulus of 
the system as we have seen before. Further, if the Briggsian logarithms relate the 
angles and rays of the spiral, PF will be 0.434, and V will be arctan 0.433 or 
approximately 23028 " . If the computations of longitude are in minutes of arc, then 
the two tangents, 0.434 and 1, must be multiplied by 2.9088 giving 1.2624 and 
2.9088, respectively. This corresponds with angles of 51038'9 " and 71°1'44 " , as 
computed by Halley and verified by Robertson. This is clearly a much simpler way 
of arriving at these results, but Cotes makes no reference to it. Cotes does add a 
scholium to Proposition 6, possibly intended as a tribute to Halley. He says that 
"[t]he most illustrious geometer Edmond Halley has happily applied the equian- 
gular spiral to demonstrating the division of the nautical meridian" [3, 20; my 
translation], yet Cotes's own procedure works in a somewhat simpler fashion. 
Referring to Figs. 8 and 9, consider the octant of the sphere, where ade is the 45 ° 
rhumb line. Elements ran, hb, and gk--" innumerable as small as possible [innu- 
meras quam minimas]" [3, 20]--are equal, and gk/hb = sec 4) (~b being the lati- 
tude). Hence, by adding small parts, the longitude change ab on the 45 ° rhumb line 
equals the nautical magnitude of ag. This is represented by AB and AG in Fig. 8, 
which is the stereographic projection of Fig. 9. 
From the preceding result, arc AB = In(PA/PD) x PF (the modulus), which we 
can reformulate as: the nautical distance ofAG = (In ½ arc pa - In ½ arc pd = pg) x 
PF. If the angle of the rhumb is 45 °, then PF = 3437.746 minutes; so the nautical 
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magnitude of ag equals (in minutes of arc) 
(In ½ arc pa - In ½ arc pg) × 3437.746 
= (log ½ arc pa - log ½ arc pg) × 3437.746 x 2.30259 
= (log ½ arc pa - log ½ arc pg) × 7915.7046. 
Thus, without going through Halley's various intermediate stages of the argu- 
ment, Cotes, through is use of the concept of modulus, formulates a rule quite 
simply, namely, "to find the distance on the nautical meridian between two lati- 
tudes, subtract the Briggs logarithms of the half complements of the two latitudes, 
multiply the result by 7915.7044. . .  and the result is the meridional distance in 
minutes of arc" [3, 21]. This confirms Halley's result hat the difference between 
the two logarithms bears a constant ratio to the corresponding meridional dis- 
tance. The number 7915.7046 appears in more recent instructions for calculating 
meridional distances, for example, in Chambers 's  Mathemat ica l  Tables of 1903 
[2, xxxiii]. 
At the end of the long schol ium generale of"Logometria," Cotes returns to the 
problem, saying he can demonstrate he division of the nautical meridian without 
the aid of the logarithmic spiral or, as he puts it, "without he help of any logo- 
metric curve" [3, 40]. The problem offers him a further opportunity to demon- 
Referring to Fig. 10, which is Cotes's own diagram, the nautical magnitude of 
arc AB is sought. The stereographical projection of AB in the equatorial plane is 
ED. 
For 4~ the latitude of S, the nautical magnitude of the small element SR is SR sec 
4~ = SR x OC/SX = SZ x OC/SX, since SR = SZ from the sine rule in triangle 
SZQ. Finally, SZ x OC/SX = OC x VT/VC, and the nautical magnitude of 
element SR = (VT/VC) x OC. 
$ 
FIGURE 10 
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Comparing this with Cotes's result, log x = (/c/x) × M, and integrating, we have 
that the nautical magnitude of arc AB equals In (EC/DC) x OC. Since EC and DC 
are the tangents of the half complements of the latitudes, we have here Halley's 
and Cotes's earlier esults, very briefly and neatly derived. Putting OC, the radius 
of the sphere, in minutes of arc, and changing to Briggs's logarithms, we have 
again the rule as formulated by Cotes, namely, to find the meridional distance 
between two latitudes in minutes of arc, subtract the Briggs logarithms of the half 
complements of the two latitudes and multiply by 7915.704467897819. 
CONCLUSION 
We have then two important ideas: (1) Halley's perceptions that the stereo- 
graphic projection of a rhumb line onto the equatorial plane is a logarithmic spiral, 
and that each rhumb line was associated with its own "species of logarithms," 
and (2) Cotes's concept of the modulus of a system of logarithms, and his identifi- 
cation of the polar subtangent as the modulus in the case of the logarithmic spiral• 
Cotes is able to fuse these two ideas and thereby to improve and simplify Halley's 
demonstration. 
Thus, Raymond d'Hollander's observation that Cotes "apportait une dernirre 
amrlioration h la d6monstration de Halley, en la simplifiant" is well justified, and 
one might add that if Cotes saw a little further into the problem, it was because, no 
pigmy himself, "he stood on the shoulders of giants." 
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